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(54) Method oi peeling photo-resist layer without damage to metal wiring 



(57) A semiconductor manulaclurer peels a photo- 
resist mask off t>y using organic all«line solvent (22a). 
and the residual alkaline solvent is neutralized with add 
t>e1bre a rinse in pure water so as to prevent a metal wir- 



ing from erosion due to strong alkaline solution pro- 
duced from the residual organic alkaline solvent 
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Description 



metal wiring. 
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is formed in the Pho^^^f '^.^er is formed into a 
developed, and Jhe P^^'^Sgthe photo-resist etch- 
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ing masK the -"f"^^^^; ^^et etching or a dry 
fiveAnsulating layer *^ °"9;i,„nask exposes a part 

etching. and the 

of the conductiveA.nsulat^g Jayaf ^^^^.^u^^^^^^ 
atehart removes «;e part of 

^^'^taskteiripp^off andfiguresIA 
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:m ..... ic frirmed 



'"9- . „, ^rino 1 of aluminum is formed 

infigure 1A. f lo^t'T'IJ^n o^e. and is covered 
on an insulating layer 2 3 silicon oxide. A 

^ an inter-level '"^f^"^ la^'^ j^er-level 
photo-resisietch.nga«*A.sfom^^^^ 

insulating layer 3. ^^^^^^^^^^^^^^ 
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by using a reactwe ^c*J^ t^^u^ 
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,ion between the lower«an^^^^ P^^^ ^ 
lamination of ^^"rr^JS^e c^the resultant struc- 
deposited over the e^re^>^^ 3,,rtherdef««^ 

ture shown ^^^^'^•J^^^^fit^ is repeated for a 
itedonthelam.nat.on^e Jj^^y 
photo-resist etch.ng mask inoi s 



numiay^a^-'ajn-....^^^^^^ 
titanium film are P*am^ an^„3,^^ 
showninfigurelCjetwer^'^ 
niumnitrideA.tan.umlayertea.« ^^^^^^^ 

, The Peeling/clean.ng staj « a^^^^^^^^^^^^ 
tow in detail. There are *ree peeung- ^ ^ 

gies. The f irst Pee«"9'^'!3nr^^ ' exposed to 
U.ng^TT.ephoto-re«s^elc2n9rr« 

oxygen plasma J^^'^ching mask 4. How- 
,0 ptesma ashes the pha^^«^J^^e against the 
U, the oxygen P'«^,^J„Sw product 5 is unde- 
reaclion product 5. JJ^'jX Wer-level insulat- 

sirabty left on the '""^'/^^.^^^Wngisnoiappropria 
inglayer3.B)rWsrea«)a*.eash^ g 

,5 incasewherethereartonP'^J" ^^^^ ^ 

■n,e second Pa« ^^""^n«sk 3 to solution 
e>«pose the P'^'T^.S id ^rogen peroxide. 
mainly contain.ng s^inc !ww a ' ^^ golu- 
Z photo-resist etoh'ng J«sK ^^^.^ ^^-hole 
„ tton. However. ^^'^^ jrSumiaum. Thus, the 
3a. and "nde8.rablyetc^«™fr esfhe lower 

thephoto-resistetch.ngn^skj'^^^^^^^^ 

vent. The e^'V^ *e drawings. The prior art wet 
Illustrated "Lj^'i vSsa. 8b and Sc^TJe 
cleaning system ^^as three 93. 
30 tirstvesselSaisWI^jJ^^;^^^^^^^^ 

rinse is carried out .n th'-J^ess 
eciscirculatedthrouj^thethjdvess ^ 

The semiconductor «afere 1" ^ a boat 11, 
35 phott^resisl etching n«ste 4 a«lja^^^ 

'andtheboatll « *W>^^„f ^..Jnt 9a peels the 

vent 9a. The and removes fhe reac- 

pl^to-resistetohmg'hajs*^-^^^^^ 

tion product 5. ^« .ue .sopropyl alcohol 9b. 
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The residual °^9^™^^^^^^the isop^^^ alcohol, 
ductor wafers 10 .s replaced vmi 
„ the semiconductor wale^O««^ ^ 

the fi.^ vessel 8a » JJjJ.J^rong alkaline sdu- 
« organtealkanneso^^en^^cduMS^^^ 

tion, ar^ the strong ^en^jconductor wafers 10 
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disconnected from the lower wiring 1 as shown in figure 
3. 

SUMMARY OF THE INVENTION 

It is therefore an important object of the present 
invention to provide a method of peeling a photo-resist 
layer off which does not damage an inter-level connec- 
tion between a lower metal wiring and an upper wiring 
nor increases the resistance in a contact hole. 

The present inventors contemplated the problem, 
and noticed that contact holes had been miniaturized. 
The contact holes of an ultra large scale integration had 
targe aspect ratio. If the organic alkaline solvent pene- 
trated into the miniature contact holes, the residual 
organic alkaline solvent was not perfectly replaced with 
the isopropyl alcohol, and produced the strong alkaline 
solution in the contact holes. The present inventors con- 
cluded that the residual organic alkaline solvent was 
causative of the damage of lower metal wirings. 

To accomplish the object, the present invention pro- 
poses to treat a semiconductor wafer with acid after the 
peeling off in organic alkaline solvent. 

In accordance with the present invention, there is 
provided a method of peeling a photo-resist layer from a 
semiconductor structure, comprising the steps of: a) 
preparing a semiconductor structure partially covered 
with a photo-resist layer; b) treating the semiconductor 
structure and the photo-resist layer with organic alkaline 
solvent for peeling the photo-resist layer off; c) treating 
the semiconductor structure with acid for neutralizing 
residue of the organic alkaline solvent; and d) treating 
the semiconductor structure with pure water for clean- 
ing. 

A treatment with alcohol is further carried out 
between the step b) and the step c). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the method 
according to the present invention will be more clearly 
understood from the following description taken in con- 
junction with the accompanying drawings in which: 

Figs. 1A to 1C arei cross sectional views showing 
the prior art method of peeling a photo-resist etch- 
ing mask off; 

Fig. 2 is a schematic view showing the prior art wet 
treatment system; 

Fig. 3 is a cross sectional view showing the semi- 
conductor waver after the prior art peeling/cleaning 
method; 

Fig. 4 is a schematic view showing a wet treatment 
system used in a method according to the present 
invention; 

Fig. 5 is a schematic view showing another wet 
treatment system used in the method according to 
the present invention; 

Fig. 6 is a graph showing the resistance in contact 



holes measured in the semiconductor structures 
treated with the method according to the present 
invention and the prior art method; 
Fig. 7 is a schematic view showing yet another wet 
treatment system used in the method according to 
the present invention; 

Rg. 8 is a graph showing variation of pH fn a neu- 
tralization vessel in terms of initial pH value; 
Rg. 9 is a schematic view showing still another wet 
treatment system used in the method according to 
the present invention; and 
Rg. 10 is a schematic view showing still another 
wet treatment system used in the method according 
to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

Refen-ing to figure 4 of the drawings, a wet treat- 
ment system 20 largely comprises three vessels 20a. 
20b and 20c and a liquid exchanging sub-system 20d. 
and semiconductor wafers 21a are treated in the wet 
treatment system 20. The semiconductor wafer 21a 
includes a plurality of small portions each assigned to 
an integrated circuit, and the small portion has the aoss 
section shown in figure 1 A. For this reason, layers and 
holes of the small portion are identified by the same ref- 
erences used in figure 1 A, and the semiconductor wafer 
21a. the lower insulating layer 2. the lower wiring 1 and 
the inter-level insulating layer 3 as a whole constitute a 
semiconductor structure. 

The first vessel 20a is filled with organic alkaline 
solvent 22a for peeling the photo-resist etching mask 4 
off. and isopropyl alcohol 22b fills the second vessel 
20b. Though not shown in figure 4, the organic alkaline 
solvent 22a and the isopropyl alcohol 22b are supplied 
from reservoir tanks through conduits to the first and 
second vessels 20a/20b, and the first and second ves- 
sels 20a/20b are further connected through drain pipes 
to a drain tank. The third vessel 20c is connected to the 
liquid exchanging sub-system 20d, and one of dilute 
add such as, for example, dilute hydrochloric acid and 
pure water fills the third vessel 20c as will be described 
hereinlater. The dilute add may be dilute sulfuric acid or 
nitric acid. 

The liquid exchanging sub-system 20d indudes 
three reservoir tanks 20e. 20f and 20g and a mixing 
tank 20h. The reservoir tanks 20e and 20g store pure 
waters, and the other reservoir tank 20f stores hydro- 
chloric acid. Conveying pumps 20i and 20j respectively 
transfer the hydrochloric add and the pure water from 
the reservoir tanks 20f/20g through conduits 20k and 
20m to the mixing tank 20h. Solenoid-operated flow 
control valves 20n and 20o are inserted into the con- 
duits 20k and 20m, and the solenoid-operated flow con- 
trol valves 20n and 20o controls the flow rate of the 
hydrochloric acid and the flow rate of the pure water. 
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respectively. A pH detector 20o monitors the dilute 
hydrochloric acid, arxi reports the detected pH to a con- 
troller 20q. The controller 20q independently changes 
the valve positions of the solenoid-operated flow control 
valves 20n and 20o, and regulates the pH of the dilute 
hydrochloric add to 5. In this instance, the target pH is 
5. However, the dilute hydrochloric acid may range from 
pH4topH6. 

A conduit 20r is open to the third vessel 20c, and 
the third vessel 20c is connected through a drain pipe 
20s to the drain tank (not shown). Conveying pumps 20t 
and 20u transfer the dilute hydrochloric acid and the 
pure water through conduits to the conduit 20r, and 
solenoid-operated stop valves 20x and 20y are inserted 
between the conduits 20v/20w and the conduit 20r. The 
solenoid-operated stop valves 20x/20y are controlled by 
the controller 20q. 

Using the wet treatment system 20. a manufacturer 
peels the photo-resist etching mask 4 from the semicon- 
ductor structure, and cleans the semiconductor struc- 
ture as follows. First, the first, second and third vessels 
20a to 20c are respectively filled with the organic alka- 
line solvent 22a. the isopropyl alcohol 22b and the dilute 
hydrochloric acid. In order to fill the third vessel 20c with 
the dilute hydrochloric acid, the liquid exchanging sub- 
system 20d behaves as follows. The controller 20q actu- 
ates the conveying pumps 20i and 20j so as to transfer 
the hydrochloric acid and the pure water from the reser- 
voir tanks 20f/20g to the mixing tank 20h. The pH detec- 
tor 20p reports the pH of the dilute hydrochloric acid to 
the controller 20q. and the controller 20q regulates the 
pH of the dilute hydrochloric acid to 5 through the sole- 
noid-operated flow control valves 20ny20o. When the 
dilute hydrochloric add is regulated to the target pH. the 
contrdler 20q actuates the conveying pump 20t, and 
changes the solenoid-operated stop valves 20x and 20y 
to closed state and open state. Then, the dilute hydro- 
chloric acid is supplied to the third vessel 20c. and fills it. 

When the organic alkaline solvent 22a. the isopro- 
pyl alcohol 22b and the dilute hydrochloric acid are pre- 
pared in the first vessel 20a. the second vessel 20c and 
the third vessel 20c, respectively, the manufacturer dips 
the semiconductor wafers 21a mounted on the boat 21b 
into the organic alkaline solvent 22a for certain time 
period. TTie photo-resist etching mask 4 is peeled off in 
the organic alkaline solvent 22a, and the organic alka- 
line solvent 22a may remain in the contact hole 3a. 

The semiconductor wafers 21a are lifted from the 
organic alkaline solvent 22a together with the boat 21b, 
and are dipped into the isopropyl alcohol 22b for certain 
time period. The residual organic alkaline solvent on the 
surface of the semiconductor structure is replaced with 
the isopropyl alcohol 22b- However, alt the residual 
organic alkaline solvent in the via-holes 3a is hardly 
replaced with the isopropyl alcohol 22b, and may still 
remain. 

The manufacturer lifts the semiconductor wafers 
21a mounted on the boat 21b from the isopropyl alcohol 
22b. and dips them into the dilute hydrochloric acid in 



the third vessel 20c for certain time period. Even if the 
residual organic alkaline solvent remains in the via- 
holes 3a. the dilute hydrochloric add neutralizes the 
organic alkaline solvent. Thus, the organic alkaline sol- 
5 vent is perfectly removed from the semiconductor struc- 
ture. 

■Rie certain time period for the neutralization is 
dependent on the configuration of the semiconductor 
structure such as, for example, the dimensions of the 

10 via-holes 3a. If the semiconductor structure is exposed 
to the dilute hydrochloric acid too long, the dilute hydro- 
chloric acid erodes the lower wiring 1. For this reason, 
the manufacturer previously determines the optimum 
time period for each semiconductor structure, and ter- 

15 minates the neutralization upon expiry of tiie predeter- 
mined optimum time period. 

When the neutralization is completed, the controller 
20q discharges the dilute hydrochloric acid through tiie 
drain pipe 20s to tiie drain tank (not show), and starts 

20 the conveying pump 20u. The controller 20q changes 
the solenoid-operated stop valves 20x and 20y to the 
open state and the dosed state, respectively, and the 
conveying pump 20u supplies the pure water through 
the conduits 20v and 20r to the third vessel 20c. The 

25 semiconductor wafers 21 a are rinsed in the pure water 
for certain time period. 

The residual organic alkaline solvent has been 
already perfectly removed from the semiconductor 
structure, and strong alkaline solution Is never produced 

30 in the via-holes 3a. For this reason, the semiconductor 
structure deaned through the above described method 
is free from tiie undesirable disconnection. 

Second Embodiment 

35 

Turning to figure 5 of tiie drawings, anotiier wet 
treatment system 30 embodying the present invention 
largely comprises three vessels 30a, 30b and 30c and a 
liquKi exchanging sub-system 30d. Organic alkaline sol- 
40 vent 31a and isopropyl alcohol 31b fill tiie vessels 30a 
and 30b. respectively. The tiiird vessel 30c is firstly filled 
witii electrolyzed water, and tiie electrolyzed water is 
exchanged with pure water 

The liquid exchanging sub-system 30d is similar to 
45 tiie liquid exchanging sub-system 20d except for an 
electrolysis apparatus 30e, and. for tills reason, other 
components are labeled with tiie references designat- 
ing corresponding components of the liquid exchanging 
sub-system 20d without detailed description. 
50 The electrolysis apparatus 30e indudes electrolysis 
vessel 30f . a pair of electrodes 30g/30h connected to an 
ac power source 30i and a partition wall 30j provided 
between tiie electrodes 30g and 30h, and tiie electro- 
lyzed water Is produced tiirough electrolysis In tiie elec- 
ts trolysis vessel 30f. The electrolyzed water is supplied 
from tiie electrolysis vessel 30f ttirough the conduits 
20w and 20r to the third vessel 30c by means of tiie 
conveying pump 20t, and the pH sensor 20p monitors 
ttie electrolyzed water passing tiirough the conduit 20w. 
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The electrolysis apparatus 30e further includes a 
reservoir tank 30k for pure water and another reservoir 
tank 30m for electrolyte such as hydrochloric acid, 
ammonia water or carbonic water. A conveying pump 
30n supplies the pure water through a conduit 30o to 5 
the electrolysis vessel 30f. and a solenoid-operated flow 
control valve 30p is Inserted into the conduit 30o. Simi- 
larly, a conveying pump 30q supplies the electrolyte 
from the reservoir tank 30m through a conduit 30r to the 
electrolysis vessel 30f. and a solenoid-operated flow 
control valve 30s Is inserted into the conduit 30r. 

The controller 20q is responsive to an electric sig- 
nal representative of pH of the electrolyzed water in the 
conduit 20w so as to regulate the pH of the electrolyed 
water to the target value, i.e. pH = 5 through the sole- 
noid-operated flow control valves 30p and 30s. Namely, 
the controller 20q changes the valve positions of the 
solenoid-operated flow control valves 30p and 30q in 
such a manner as to regulate the electrolyzed water to 
pH = 5. A wet treatment using the electrolysis apparatus 
30d is disclosed in Japanese Patent Application No. 5- 
1 05991 , and no further description is incorporated here- 
inbelow. 

Using the wet treatment system 30, a manufacturer 
peels the photo-resist etching mask 4 from the semicon- 
ductor structure, and cleans the semiconductor struc- 
ture as follows. First, the first, second and third vessels 
30a to 30c are respectively filled with the organic alka- 
line solvent 31a, the isopropyl alcohol 31b and the elec- 
trolyzed water. The electrolyzed water fills the third 
vessel 30c as similar to the dilute hydrochloric acid. 

When the organic alkaline solvent 31a, the isopro- 
pyl alcohol 31b and the electrolyzed water are prepared 
in the first vessel 30a, the second vessel 30c and the 
third vessel 30c, respectively, the manufacturer dips the 
semiconductor wafers 21a mounted on the boat 21b 
into the organic alkaline solvent 31a for certain time 
period. The photo-resist etching mask 4 is peeled off in 
the organic alkaline solvent 31a. and the organic alka- 
line solvent 31a may remain in the contact hole 3a. 

The semiconductor wafers 21a are lifted from the 
organic alkaline solvent 31a together with the boat 21b, 
and are dipped into the isopropyl alcohol 31b for certain 
time period. The residual organic alkaline solvent 31a 
on the surface of the semiconductor structure is 
replaced with the isopropyl alcohol 31b. However, all the 
residual organic alkaline solvent in the via-holes 3a Is 
hardly replaced with the isopropyl alcohol 31b, and may 
still remain. 

The manufacturer lifts the semiconductor wafers 
21a mounted on the boat 21 b from the isopropyl alcohol 
31b, and dips them into the electrolyzed water In the 
third vessel 30c for certain time period. Even if the resid- 
ual organic alkaline solvent remains in the via-holes 3a, 
the electrolyzed water neutralizes the organic alkaline 
solvent. Thus, the organic alkaline solvent Is perfectly 
removed from the semiconductor structure. 

When the neutralization is completed, the controller 
20q discharges the electrolyzed water through the drain 



pipe 20s to the drain tank (not show); and starts the 
conveying pump 20u. The controller 20q changes the 
solenoid-operated stop valves 20x and 20y to the open 
state and the closed state, respectively, and the convey- 
ing pump 20u supplies the pure water through the con- 
duits 20v and 20r to the third vessel 3c. The 
semiconductor wafers 21a are rinsed in the pure water 
for certain time period. 

The residual organic alkaline solvent has been 
already perfectly removed from the semiconductor 
structure, and strong alkaline solution is never produced 
in the via-holes 3a. For this reason, the semiconductor 
structure cleaned through the above described method 
is free from the undesirable disconnection. 

Moreover, the electrolyzed water does not erode 
the lower wiring 1 of aluminum, and it is not necessary 
for the manufacturer to strictly control the certain time 
period for the semiconductor structure In the electro- 
lyzed water. Thus, the usage of electrolyzed water 
makes the peeling/deaning method easy. 

The manufacturer does not require a special waste 
water treatment system for the electrolyzed water, and, 
for this reason, the second embodiment is lower in con- 
struction cost and running cost than the first errfeodi- 
ment 

The present inventors evacuated the peeling/dean- 
ing method implementing the first embodiment and the 
peeling/cleaning method implementing the second 
enfibodiment as follows. The present inventors fabri- 
cated the semiconductor structures shown in figure 1C. 
The samples has been divided into three groups, and 
each sample had a thousand via-holes 3a connected in 
series. The first group was treated through the peel- 
ing/cleaning method implementing the first embodi- 
ment, and the second group was treated through tine 
peeling/cleaning method Implementing the second 
embodiment The third group was treated through tiie 
prior art peeling/cleaning method. Upon completion of 
the upper wirings 6. the present inventors measured tiie 
resistance of tiie tiiousand via-holes, and plotted in fig- 
ure 6. As will be understood from figure 6, the treatment 
with tiie acid solution was effective against the erosion 
due to the residual organic alkaline solvent. 

Third Embodiment 

Turning to figure 7 of the drawings, yet another wet 
treatment system 40 ennbodying the present Invention 
largely comprises four vessels 40a, 40b. 40c and 40d 
and a liquid supply sub-system 40e. The four vessels 
40a to 40d are respectively assigned to organic alkaline 
solvent 41a, isopropyl alcohol 41b, dilute cart3onic acki 
41c and pure water 41d. Although the ik^uid supply sub- 
system 40e supplies the organic alkaline solvent 41a 
and the isopropyl alcohol 41b to the first and second 
vessels 40a and 40b, reservoir tanks for the organic 
alkaline solvent and tiie isopropyl alcohol and conduits 
to the first and second vessels 40a/40b are deleted from 
figure 7 for the sake of simplicity. 
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The liquid supply sub-system 40e includes a mixing 
tank 40f. pH sensors 40g, 40h and 40i, a conduit 40j 
from the mixing tank 40! to the third vessel 40c. a con- 
veying pump 40k for the dilute carbonic acid, a solenoid- 
operated flow control valve 40m, a solenoid-operated 
strop valve 40n, a conduit for the pure water, a solenoid- 
operated stop valve 40p and a controller 40q. A convey- 
ing pump (not shown) supplies the pure water 41 d from 
a reservoir tank (not shown) through the conduit 40o to 
the fourth vessel 40d. 

Though not shown in figure 7, cartsonic acid and 
pure water are supplied from reservoir tanks (not 
shown) to the mixing tank 40f, and the pH sensor 40g 
detects the pH of the dilute cartx)nic acid. The pH of the 
dilute carbonic acid is reported to the controller 40q. 
and the controller 40q regulates the pH of the dilute car- 
bonic add to 4-4.5 by changing the valve positions of 
solenoid-operated flow control valves (not shown) 
inserted between the reservoir tanks for the carbonic 
acid and the pure water and the mixing tank 40f. 

The controller 40q further monitors the pH of dilute 
cariDonic acid through the pH sensors 40h and 40i. Even 
if the residual organic alkaline solvent is replaced with 
isopropyi alcohol, the organic alkaline solvent still 
remains in the semiconductor structure, and the resid- 
ual organic alkaline solvent Is equivalent to the quantity 
which covers 0.1 percent of the total surface area of the 
semioonductor structures toricated on the semicon- 
ductor wafer 21a. Figure 8 illustrates the pH in the third 
vessel 40c. If the dilute carbonic acid in the third vessel 
40c is regulated to ph = 4. the residual organic alkaline 
solvent varies the pH of the liquid as indicated by Plots 
PL1 . The dilute carbonic acid at pH = 6 is varied over 
pH= 10 as indicated by Plots PL2. However, if the dilute 
cart)onic add is not supplemented, the pH in the third 
vessel 40c is maintained over pH = 10. Such strong 
alkaline liquid damages the lower wiring 1 . For this rea- 
son, it is recommendable to initially regulate pH of the 
dilute cart)onic add to 4 to 4.5. Moreover, when the 
residual organic alkaline solvent increases the pH in the 
third vessel 40c. the pH sensors 40h and 40i teach the 
large pH value to the controller 40q. and the controller 
40q starts the pump 40k so as to partially replace the 
liquid in the third vessel 40c with the dilute carbonic 
acid. The controller 40q changes the valve position of 
the solenoid-operated flow control valve 40m, and regu- 
lates the pH in the third vessel 40c between 4 and 9. For 
this reason, the lower wiring 1 is never damaged in the 
peeling/deaning method according to the present 
invention. 

Using the wet treatment system 40. a manufacturer 
peels the photo-resist etching mask 4 from the semicon- 
ductor structure, and cleans the semiconductor struc- 
ture as follows. First, the first, second, third and fourth 
vessels 40a to 40d are respectively filled with the 
organic alkaline solvent 41a, the isopropyi alcohol 41b, 
the dilute carbonic acid 41c and the pure water 41 d. 

When the organic alkaline solvent 41a, the isopro- 
pyi alcohol 41b, the dilute carbonic acid 41c and the 



pure water 41 d are prepared in the first vessel 40a. the 
second vessel 40c. the third vessel 40c and the fourth 
vessel 40d, respectively, the manufacturer dips the 
semiconductor wafers 21a mounted on the boat 21b 
5 into the organic alkaline solvent 41a for certain time 
period. The photo-resist etching mask 4 is peeled off in 
the organic alkaline solvent 41a. and the organic alka- 
line solvent 41a may remain in the contact hole 3a. 
The semiconductor wafers 21a are lifted from the 
10 organic alkaline sdvent 41a together with the boat 21b, 
and are dipped into the isopropyi alcohol 41b for certain 
time period. The residual organic alkaline solvent 41a 
on the surface of the semiconductor structure is 
replaced with the isopropyi alcohol 41b. However, all the 
15 residual organic alkaline solvent in the via-hdes 3a is 
hardly replaced with the isopropyi alcohol 41b. and still 
remains in the contact holes 3a. 

The manufacturer lifts the semiconductor wafers 
21a mounted on the boat 21b from the Isopropyi alcohol 
20 41b. and dips them into the dilute cartx)nic acid 41c in 
the third vessel 40c for certain time period. Even if the 
residua! organic alkaline solvent remains in the via- 
hdes 3a, the dilute carbonic add neutralizes the 
organic alkaline solvent. If the reskiual organic alkaline 
25 solvent increases the pH in the third vessel 40c. the 
dilute cartjonic acid is supplied from the mixing tank 40f 
to the third vessel 40c, and the liquid in the third vessel 
40c is partially replaced with the dilute carbonic add so 
as to lower the pH in the third vessel 40c as described 
30 hereinbefore. Thus, the organic alkaline solvent is per- 
fectly removed from the semiconductor structure, and 
the liquid does not damage the lower wiring 1 in the third 
vessel 40c. 

When the neutralization is completed, the semicon- 
35 ductor wafers 21a are lifted from the third vessel 40c, 
and are rinsed in the pure water in the fourth vessel 40d. 
the dilute carlx)nic add does not erode the lower wiring 
1 of aluminum, and the manufacturer does not require 
the time for the rinse in the fourth vessel 40d to strictly 
40 control. 

The residual organic alkaline solvent has been 
already perfectly removed from the semiconductor 
structure, and strong alkaline solution is never produced 
in the via-hdes 3a. For this reason, the semiconductor 

45 Structure deaned through the above desaibed method 
is free from the undesirable disconnection. 

Moreover, the acid solution and the pure water are 
initially prepared in the third and fourth vessels 40c and 
40d. respectively, and, for this reason, the control for the 

so third emtxxliment is simpler than those of the first and 
second embodiments. 

In this instance, carbonic acid is used for the neu- 
tralization, acetic add or (CH3COOH) may be filled in 
the third vessel 40& Carbon dioxide gas may be sup- 

55 plied into the mixing tank 40f. and the cartx)nic add may 
be diredly supplied from the reservoir tank to the third 
vessel 40c. 
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Fourth Embodiment 

Turning to figure 9 of the drawings, still another wet 
treatment system 50 embodying the present invention 
largely comprises a vessel 50a and a spray sub-system s 
50b. The vessel 50a defines a chamber 50c, and a turn 
table (not shown) is installed in the chanfiber 50c. The 
semiconductor wafer 21a is mounted on the turn table, 
and is rotated together with the turn table. 

The spray sub-system 50b includes three reservoir 
tanks 50d, 50e and 50f and a mixing tank 50g. Organic 
alkaline solvent 51a, isopropyl alcohol 51b and carbonic 
acid 51c are stored in the reservoir tanks 50d, 50e and 
50f, respectively. The reservoir tank 50d Is connected 
through a conduit 50h to a spray nozzle 50i projecting 
into the chamber 50c, and a solenoid-operated stop 
valve 50j is inserted into the conduit 50h. The reservoir 
tank 51b is connected through a conduit 50k to the con- 
duit 50h. and a solenoid-operated stop valve 50m is 
inserted in the conduit 50k. Though not shown in figure 
9, a suitable punp pressurizes the organic alkaline sol- 
vent and the isopropyl alcohol. Thus, the organic alka- 
line solvent 51a and the isopropyl alcohol 51b are 
selectively supplied to the spray nozzle 50i. 

The reservoir tank 50f is connected to the mixing 
tank 50g through a conduit 50n. and a solenoid-oper- 
ated flow control valve 50o, a solenoid-operated stop 
valve 50p and a conveying pump 50q are inserted in the 
conduit 50n. The mixing tank 50g is further connected 
to a pure water source (not shown) and pure water is 
supplied to the mixing tank 50g. Thus, the carbonic acid 
51c is mixed with the pure water, and dilute carbonic 
acid 51d is stored in the mixing tank 50g. The mixing 
tank 50g is connected through a conduit 50r to a spray 
nozzle 50s projecting into the chamber 50c, and a sole- 
noid-operated stop valve 50t is inserted into the conduit 
50r. A suitable pump pressurizes the dilute carbonic 
acid 51 d, and supplies the pressurized dilute carbonic 
acid 51 d to the spray nozzle 50s. A source of nitrogen 
gas 50u is connected through a gas conduit 50v to the 
conduit 50r. and a solenoid-operated stop valve 50w is 
inserted into the gas conduit 50v. 

The spray sub-system 50b further includes a drain 
pipe 50x connected to the vessel 50a, and the drain 
pipe 50x is branched into three lines. The three lines are 
respectively connected to three drain tanks (not shown), 
and solenoid-operated stop valves 50ya, 50yb and 50yc 
are respectively inserted in the three lines so as to 
selectively guide waste liquid to the three drain tanks. 
The rightmost line is assigned to the dilute carbonic acid 
51 d, and a pH sensor 50za monitors pH of the liquid 
passing through the rightmost line. The pH sensor 50za 
reports the detected pH to a controller 50b, and the con- 
troller 50zb changes the valve position of the solenoid- 
operated flow control valve 50o so as to change pH of 
the dilute carbonic acid 51 d. 

Using the wet treatment system 50, a manufacturer 
peels the photo-resist mask 4 off, and cleans the semi- 
conductor structures fabricated on the semiconductor 



wafers 21a as follows. First, the manufacturer places 
the semiconductor wafer 21a on the turn table, and 
starts to rotate the turn table. The organic alkaline sol- 
vent 51a and the isopropyl alcohol 51b are stored in the 
reservoir tanks 50d and 50e, and pH of the cBtute car- 
bonic acid 51 d is regulated to 4.0 to 4.5. 

The controller 50zb changes the solenoid-operated 
stop valves 50j and 50ya to open state, and the spray 
nozzle 50i spreads the organic alkaline solvent 51a 
toward the semiconductor wafer 21a for certain time 
period. The photo-resist etching mask 4 is peeled off, 
and the waste organic alkaline solvent flows into the 
drain tank. 

Subsequently, the controller SOzb closes the sole- 
noid-operated stop valves 50j and 50ya, and opens the 
solenoid-operated stop valves 50m and 50yb. The iso- 
propyl alcohol 51b is sprayed from the spray nozzle 50i 
for certain time period, and residual organic alkaline sol- 
vent on the semiconductor wafer 21a is replaced with 
the isopropyl alcohol 51b. However, it is difficult to per- 
fectly replace the residual organic alkaline solvent with 
the isopropyl alcohol 51b. 

Rnally. the controller 50zb closes the solenoid- 
operated stop valves 50m and 50yb, and opens the 
solenoid-operated stop valves 50t and 50yz. The dilute 
cartx)nic acid 51d is sprayed from the spray nozzle 50s 
to the semiconductor wafer 21a for certain time period, 
and neutralizes the residual organic alkaline solvent on ' 
the semiconductor structures. While the dilute cartx)nic 
add is being sprayed, the pH sensor 50za reports the 
detected pH of the waste liquid to the controller SOzb. 
and the controller 50zb changes the valve position of 
the solenoid-operated flow control valve 50o so as to 
keep pH of the waste liquid between 4 to 9. 

Upon completion of the neutralization, the controller 
50zb stops the pump 50q, and closes the valves 50o 
and 50p. The carbonic acid is never supplied to the mix- 
ing tank 50g, and the controller SOzb opens the sole- 
noid-operated stop valve SOt so as to blows the nitrogen 
gas. Only the pure water is supplied to the mixing tank 
SOg, and the pure water is sprayed from the spray noz- 
zle SOs to the semiconductor wafer 21a. Thus, the sem- 
iconductor structures are rinsed with the pure water. 

The residual organic alkaline solvent has been 
already perfectly removed from the semiconductor 
structure, and strong alkaline solution is never produced 
in the vla-holes 3a. For this reason, the semiconductor 
structure cleaned through the above described method 
is free from the undesirable disconnection. 

In this instance, carbonic acid is used for the neu- 
tralization, acetic acid may be filled in the mixing tank 
SOg. Cattx>n dioxide gas may be supplied into the mix- 
ing tank SOg, and a mass flow controller changes the 
flow rate of carbon dioxide gas. 

Fifth Embodiment 

Turning to figure 10 of the drawings, still another 
wet treatment system 60 embodying the present inven- 
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tion also largely comprises a vessel 60a and a spray 
sub-system 60b. The vessel 60a is similar to the vessel 
50a, and is not detailed for the sake of simplicity. The 
spray sub-system 60b uses caibon dioxide gas instead 
of the cartx)nic acid, and the facility for the carbonic acid 
is replaced with a facility of carbon dioxide gas. For this 
reason, description is focused on the facility for cartx)n 
dioxide gas, and other components are labeled with the 
references designating corresponding components of 
the spray sub-system 50b without detailed description. 

A source of pure water 60c is connected through a 
conduit 60d to a spray nozzle 60e, and a solenoid-oper- 
ated slop valve 60f is inserted in the conduit 60f. Thus, 
the pure water is directly sprayed to the semiconductor 
wafer 21 a. 

A source of carbon dioxide gas 60 is connected 
through a gas conduit 60h and the gas conduit 50v to a 
gas spray nozzle 601. and a mass flow meter 60j and a 
solenoid-operated strop valve 60k are inserted into the 
gas conduit 60h. Thus, the nitrogen gas and the carbon 
dioxide gas are selectively sprayed from the gas nozzle 
601. 

Using the wet treatment system 60, a manufacturer 
peels the photo-resist mask 4 off, and cleans the semi- 
conductor structures fabricated on the semiconductor 
wafers 21a as follows. First, the manufacturer places 
the semiconductor wafer 21a on the turn table, and 
starts to rotate the turn table. The organic alkaline sol- 
vent 51a and the isopropyl alcohol 51b are stored in the 
reservoir tanks 50d and 50e. 

The controller 50zb changes the solenoid-operated 
stop valves 50j and 50ya to open state, and the spray 
nozzle 501 sprays the organic alkaline solvent 51a 
toward the semiconductor wafer 21a for certain time 
period. The photo-resist etching mask 4 is peeled off, 
and the waste organic alkaline solvent flows through the 
solenoid-operated stop valve 50ya into the drain tank. 

Subsequently, the controller 50zb closes the sole- 
noid-operated stop valves 50j and 50ya. and opens the 
solenoid-operated stop valves 50m and 50yb. The iso- 
propyl alcohol 51b is sprayed from the spray nozzle 50i 
for certain time period, and residual organic alkaline sol- 
vent on the semiconductor wafer 21a is replaced with 
the isopropyl alcohol 51b. However, rt is difficult to per- 
fectly replace the residual organic alkaline solvent with 
the isopropyl alcohol 51b. 

Subsequently, the controller 50zb closes the sole- 
noid-operated stop valves 50m and 50yb, and opens 
the solenoid-operated stop valve 60k. The carbon diox- 
ide gas is blown from the spry nozzle 60i into the cham- 
ber 50c- The carbon dioxide gas penetrates into the 
contact holes 3a. The controller 50zb opens the sole- 
noid-operated stop valve 60f. and the pure water is 
sprayed from the spray nozzle 60e toward the semicon- 
ductor wafer 21a. The pure water penetrates into the 
contact holes 3a, and is brought into contact with the 
carbon dioxide gas. Then, the cart)onic acid is produced 
into the contact holes 3a. and neutralizes the residual 
organic alkaline solution in the contact holes 3a. While 



the carbonic acid is neutralizing the residual organic 
alkaline solvent, the waste liquid flows through the pH 
sensor 50za into the drain tanK and the pH sensor 50za 
reports pH of the waste liquid to the controller 50zb. The 
5 controller 50zb instructs the mass flow meter 60j to 
change the flow rate of the carbon dioxide gas, and con- 
trols pH of waste liquid between 4 to 9. 

Upon completion of the neutralization, the controller 
50zb closes the solenoid-operated stop valve 60k, and 
10 opens the solenoid-operated stop valve 50w. Then, 
nitrogen gas is blown from the gas nozzle 60i. and the 
semiconductor wafer 21a is rinsed with the pure water. 

In this instance, the carbon dioxide gas is blown 
after the treatment of the isopropyl alcohol 51b. How- 
15 ever, the carbon dioxide gas may be blown during the 
treatment with the isopropyl alcohol 51b. 

The residual organic alkaline solvent has been 
already perfectly removed from the semiconductor 
structure, and strong alkaline solution is never produced 
20 in the via-holes 3a. For this reason, the semiconductor 
structure cleaned through the above desaibed method 
is free from the undesirable disconnection. 

Although particular embodiments of the present 
invention have been shown and described, it will be 
25 obvious to those skilled in the art that various changes 
and modifications may be made without departing from 
the spirit and scope of the present invention. 

For example, the semiconductor wafers may be 
dipped into acid after the treatment of the organic alka- 
30 line solvent. 

More than one kind of acid may be mixed for the 
treatment with the add. and may be selected from 
hydrochloric acid, sulfuric acid or nitric ackl, cart)onic 
add, acetic add and electrdyzed water. 

35 

Claims 

1. A method of peeling a photo-resist layer from a 
semiconductor structure, comprising the steps of: 

40 

a) preparing a semiconductor structure 
(2 la/1 72/3) partially covered with a photo-resist 
layer (4); 

b) treating said semiconductor structure and 
45 said photo-resist layer with organic alkaline sol- 
vent (22a/31a/41a/51a) for peeling said photo- 
resist layer off; and 

c) treating said semiconductor structure with 
pure water (41d) for cleaning said semioonduc- 

50 tor structure. 

characterized by 

d) treating said semiconductor structure with 
acid (41c) for neutralizing residue of said 
organic alkaline solvent between said step b) 

55 and said step c). 

2. Ihe method as set forth in claim 1 , further compris- 
ing the step of treating said semiconductor struc- 
ture with alcohol solution (22b/31b/41b/51b). 
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3. The method as set forth in claim 2, in which said 
alcohol solution is isopropyl alcohol. 

4. The method as set forth in claim 1 , in which said 
acid is stored in a vessel (20c/ 30c) in said step b), s 
and said acid is replaced with said pure water in 
said step c). 

5. The method as set forth in claim 2, in which said 
organic alkaline solvent (41 a), said alcohol solution io 
(41 b), said acid (41 c) and said pure water (41d) are 
stored in first, second, third and fourth vessels 
(40a/40b/40c/40d), respectively, and said semicon- 
ductor structure is moved from said first vessel 
through said second vessel and said third vessel to is 
said fourth vessel. 

6. The method as set forth in claim 1, in which said 
acid Is selected from the group consisting of hydro- 
chloric acid, sulfuric acid, nitric acid, carbonic acid, so 
acetic acid, efectrolyzed water or a mixture of at 
least two of said acids. 

7. The method as set forth in claim 2, in which said 
organic alkaline solvent (51 a), said alcohol solution 2S 
(51b). said acid (51d) and said pure water are 
sprayed toward said semiconductor structure. 

8. The method as set forth in claim 1 , In which said 
acid is produced from pure water and carbon diox- 30 
ide gas in said step d). 

9. The method as set forth in claim 8, In which said 
step d) includes the sub-steps of 

3S 

c-1) blowing said cartxsn dioxide gas to said 
semiconductor structure, and 
c-2) spraying said pure water to said semicon- 
ductor structure. 

40 

10. The method as set forth in claim 1, in which said 
acid is regulated to have pH ranging between 4 and 
6. 

11. The method as set forth in claim 1, in which pH of a 45 
liquid reacting with said acid is regulated between 4 
and 9 during said step c). 
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